of earthquake victims (12) (13) (14) . one study investigated the relationship between functional outcomes measured with the Barthel Index and HRQoL of victims with fractures 27 months after the Sichuan earthquake, demonstrating a positive relationship (15) . However, muscle weakness and limited RoM, which are the most common impairments in fracture patients, were not considered. Moreover, no information about HRQoL of fracture victims from the 2008 Sichuan earthquake after a longer period is available at present. the aim of this study was to investigate the relationship between functional status and HRQoL of fracture victims 4 years after the 2008 Sichuan earthquake. other determinants of HRQoL were also identified.
MEtHodS
Design this cross-sectional study was conducted from february to May 2012, employing multi-stage random sampling. In the first stage, 5 hospitals were randomly selected from the 10 areas most severely affected by the 2008 Sichuan earthquake according to the chinese government (16) . the hospitals were Wenchuan county Hospital, Pengzhou Municipal People's Hospital, Mianzu Municipal People's Hospital, Shifang Municipal People's Hospital and dujiangyan Municipal People's Hospital. In the second stage, victims with fractures aged 14 years and older, who were hospitalized in the rehabilitation departments of the 5 identified hospitals during the period 12 May 2008 to 12 May 2009, were randomly selected from the hospitals' databases. victims with amputation, spinal cord injury or brain injury were excluded. the sample size was estimated following a previous report (15) . All victims were interviewed face-to-face and assessed by trained rehabilitation practitioners. this study was approved by the medical ethics committee of West china Hospital, Sichuan university, and written informed consent was obtained from all participants. for minors, written consent was obtained from their parents or guardians.
Instruments the assessment form included information on demographics, such as age, gender, marital status and educational level, functional status, working status and income, as well as HRQoL.
Physical function and pain
Around the fracture sites a manual muscle test was used to assess muscle strength (17) . Patients classes as grade 5 were defined as "normal"; otherwise, they were defined as "decreased". The goniometric method was used to measure range of motion (RoM) (18) . Patients were classified into "normal" (having full ROM of the joints around fracture parts) or "limited" (having limited RoM). the visual analogue scale (vAS), which presented a single horizontal line of 10 cm, was employed to assess pain. the vAS score (cm) for each patient was transferred into the relevant 0-10 scores. A score of 0 was defined as no pain, while scores of 1-4, 5-6 and 7-10 were classified into mild, moderate and severe pain, respectively (19) .
Activities of daily living
The Modified Barthel Index (MBI) (20) , with a score ranging from 0 to 100, was used to measure independence in activities of daily living (AdL). the instrument contains items to evaluate individuals' ability independently to take care of personal hygiene, bowel and bladder control, bathing, feeding, toileting, dressing, climbing stairs and ambulation. Dependency levels were classified as follows: total (0-24), severe , moderate (50-74), mild (75-89), minimal (90-99) and none (100) (21) .
Health-related quality of life
the Mandarin version of the Medical outcomes Short form 36 (Sf-36) was used to evaluate HRQoL (22) . the Sf-36 is a 36-item questionnaire that covers perceived health or health status in 8 domains: physical functioning (Pf), role-physical (RP), bodily pain (BP), general health (GH), vitality (vt), social functioning (Sf), role-emotional (RE) and mental health (MH). Subscales scores range from 0 to 100, with higher scores indicating better HRQoL (23) . the first 4 subscales represent physical health-related dimensions and can be used for computing a physical component summary score (PcS); the other 4 subscales represent mental health-related dimensions and can be combined in a mental component summary score (McS) (24) . the mean value of 8 subscales was calculated as Sf-36 score. the Mandarin version of the Sf-36 showed good psychometric properties in the chinese population (22, 25, 26) .
Statistical analysis
non-parametric statistics would be desirable for analysis of Sf-36 scores. unfortunately, most comparable papers, including those providing reference values from the general population, applied an interval scale approach and provided means and standard deviations (Sd) (15, 26,-29 (25) . for this comparison we performed 8 1-sample t-tests, as only mean values and Sds were available from the general population sample. According to Bonferroni the significance level was adjusted in order to account for multiple testing (30) . Multivariate analysis featured a stepwise multivariate linear regression combining forward entry with backward elimination (SPSS command: stepwise) was performed. Alpha error level was set to p <0.05. data were analysed with SPSS 19.0.
RESuLtS
A total of 243 out of the 300 selected subjects were interviewed with complete data collected. Among the 57 missing subjects 44 could not be contacted; 8 changed their addresses; and 5 had died.
Demographic data and SF-36 mean scores
Mean Sf-36 subscale scores were 67.9 (95% confidence interval (cI) 65.3-70.6), PcS was 68.1 (95% cI 65.3-70.9), McS was 67.7 (95% cI 65.0-70.5). demographic information and bivariate group comparisons of Sf-36 scores, PcS and McS are provided in table I. Sf-36 scores, PcS and McS of the 124 male interviewees were higher than those of the 119 female interviewees. the mean age of all interviewees was 48.3 years (Sd 15.9, range 18-85 years). People aged younger than 40 years had the highest Sf-36 scores, PcS and McS, and people aged 60 years and older scored lowest. Most of the HRQOL of fracture victims after the Sichuan earthquake interviewees (86.4%) were married, 20 were unmarried, and 13 were divorced or widowed. divorced or widowed victims had significantly lower SF-36 scores, PCS and MCS compared with married and unmarried subjects. Approximately one-third of the interviewees had no or only primary education, more than half had 7-9 years of formal education, and approximately 10% had 10 or more years of formal education. People who had 7-9 years or above 10 years of education had higher PcS, McS and Sf-36 scores than those who had less than 6 years of education.
Functional status and SF-36 scores
data on functional status and bivariate comparison of Sf-36 scores across groups is shown in table II. on average, the victims with multiple fractures had lower Sf-36 scores, PcS and McS than victims with a single fracture site. for the 155 patients with single fracture, no significance was found among the different fracture sites of spine, pelvic, upper extremity, lower extremity and other sites (cranium, ribs, clavicle, patella and scapula). victims with decreased muscle strength had lower PcS, McS and Sf-36 scores compared with victims with normal muscle strength. victims with limited RoM had lower PcS, but not McS and Sf-36 scores. Approximately half of the victims who did not report any pain had higher Sf-36 scores, PcS and MCS than those with mild, moderate or severe pain. Four-fifths of the victims were independent in AdL; they reported better HRQoL than patients who were dependent to different extents.
Work status, income and SF-36 scores
Approximately two-thirds of the victims had a full-time job. SF-36 scores, PCS and MCS did not differ significantly by occupational status. victims with a monthly income of more than 2000 Renminbi (RMB) showed significantly higher SF-36 scores, PcS and McS than those with a lower income (table III) .
SF-36 domains in fracture victims and Sichuan residents
compared with the general population of Sichuan province (26) , the studied earthquake victims had significantly decreased scores (p < 0.006) in all Sf-36 subscales except vt and MH (table Iv) .
Effect of demographic and functional data on SF-36 domains
Results from the stepwise linear regression of the 8 domains of Sf-36 on potential determinants including demographic characteristics, functional status, work status and income are presented in Kruskal-Wallis tests were used for determining overall significance and Mann-Whitney U tests for comparisons of individual groups where applicable (Bonferroni-adjusted p-value is 0.017). p-values for comparisons between the first and the second rows in each group are given in the first row, for comparisons between the second and the third row in the second row, and for comparisons between the third and the first row in the third row. PcS: physical component summary score; McS: mental component summary score; IQR: interquartile range; Sd: standard deviation; RMB: Renminbi. dIScuSSIon data for 243 victims with fractures from the major 2008 Sichuan earthquake, collected 4 years after the disaster, were analysed. Although victims had received institutional rehabilitation and were largely functionally independent, many still reported pain, decreased muscle strengths or limited RoM. Across almost all dimensions, victims' HRQOL was significantly lower than that of the Sichuan general population. older age, having multiple fractures, pain levels, lower independence in AdL and lower income were associated with decreased HRQoL in many of the Sf-36 domains. the HRQoL of fracture victims found in this study was significantly higher than results from a comparable population of fracture victims for which Sf-36 data had been collected 27 months after the Sichuan earthquake (Sf-36 mean 59.64, 95% cI 57.73-61.25) (15) . Although these are different populations and longitudinal data are currently lacking, this might suggest that HRQoL of fracture victims somewhat improved within the time-period in question. further longitudinal research is warranted to better understand the development of HRQoL in earthquake victims over time.
While our result regarding higher age being associated with decreased HRQoL is consistent with previous studies on quality of life of earthquake survivors (13, 15), we did not find a consistent association with female gender when adjusting for other factors. As reported in the literature (31, 32) , victims with multiple fractures require more intensive medical services, experience more severe functional limitations and, accordingly, need longer rehabilitation. In this study, we could additionally demonstrate that having suffered multiple fractures from an earthquake leads to decreased quality of life. our results regarding pain and functional independence confirm findings from a study in fractures victims by Zhang et al. conducted 27 months after the Sichuan earthquake (15) . This is the first study comparing HRQOL of earthquake fracture victims with the general population of the affected region. our result that the HRQoL of fracture victims is decreased compared with the general population is, however, in line with research from Li and colleagues demonstrating decreased HRQoL in earthquake victims with amputations (28) . Lack of an association between work status and Sf-36 scores was observed. Although unemployed victims had lower scores in PcS and total Sf-36 than those with full-time or parttime work, the differences were not statistically significant. A strong association between family income and Sf-36 scores was found. However, income was not a predictor of quality of life of fracture victims 27 months after the earthquake (15) . this may imply that the victims' family income may become more important at a longer time after the earthquake when external social and financial support ebb away.
this study focused on the relationship between physical function and HRQoL, and did not include measures of anxiety, depression or post-traumatic stress disorder, which have been found to be related to the quality of life of earthquake survivors in previous research (8, 29) . Also, we did not assess environmental factors or whether people had received community-based rehabilitation services (33) , which could have affected their HRQoL. furthermore, data on HRQoL collected at discharge from inpatient rehabilitation was not available, precluding lon- gitudinal analysis. thus, we do not know whether earthquake victims' HRQoL improved or decreased from discharge to follow-up. It is suggested that an assessment of earthquake victims' HRQoL shortly after discharge from inpatient rehabilitation should be a standard procedure for monitoring the long-term effects of earthquake rehabilitation on HRQoL. Apart from these limitations, this is the first study to investigate HRQoL and its determinants in fracture victims 4 years after the Sichuan earthquake. furthermore, the study featured a multi-stage random sample to enhance the representativeness of the data regarding fracture victims 4 years after the 2008 Sichuan earthquake. Moreover, we applied conservative corrections for multiple testing in data analysis, further enhancing the credibility of our results.
In conclusion, 4 years after the major Sichuan earthquake many victims with fractures still had reduced functional status and experienced pain, while their HRQoL was low compared with the general population. Given that functional status and income showed close relationships with victims' HRQoL, further rehabilitative and social interventions are recommendable from the clinical point of view.
